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RELATIVE INTENSITIES
The polarization of the emitted light is due to the privileged direction of the incident electrons. In atoms, and in the united-atom approximation for molecules, the orbital angular momentum L transferred by the electrons is perpendicular to the electron beam at threshold [3] and has cylindrical symmetry around the beam beyond threshold. Calculations of the polarization at threshold have been made in atoms [4] In our experiments for H2, we chose the energy of the electrons which yielded the maximum value of the polarization (35 eV) and the measurements were restricted to the relative polarizations of the rotational lines in a few intense bands. AÏ the speed homogeneity and the directivity of the beam have no explicit importance we used a beam current and a gas pressure high enough to obtain a good signal-tonoise ratio, but low enough to avoid collision depolarization [7, 8] .
It is well known that complications in the excita- [10] .
-The united-atom approximation is valid : the orbital angular momentum L is a good quantum number.
-L = 0 in the ground state : the magnitude of L to be added to excite a given electronic state is uniquely defined.
-The collision process is instantaneous : the nuclei of the molecule are fixed (Franck-Condon principle), and L in the excited state is that given by the incident electron.
-
The addition of orbital and spin angular momenta may be considered independently and the spins of the incident electrons are isotropic [4] .
The diffusing potential has spherical symmetry : the electron scattering is independent of the direction of the molecular axis.
The difference in energy required to excite the rotational levels in a band is small compared to the spread in energy of the incident electron beam : this energy difference has no influence on the relative cross-sections. sed using Wigner's 3 -j and 6 -j symbols. This is the case for our experiment : in the ground state, only v = 0 is populated; in the Fulcher Q bands, the calculated Franck Condon factors show a variation of less than 1 %, but their variation is greater for the R and P lines which arise from levels perturbed by 3p 3Eû (11, 12] .
The united atom approximation is valid for the highest excited states of H2, which tend towards the Rydberg series [10, 13] . For n = 3, the internuclear distance is small (1 A) compared to the diameter of the classical orbit (13 A according to Slater [14] and Messiah [15] ). Thus we take the orbital angular momentum L of the molecular excited state as a good quantum number with the origin at the center of the molecule.
The united-atom approximation also supposes that the electrons are diffused by a spherical potential, independent of the direction of the molecular axis.
Calculation of inelastic cross-sections for a few eV electrons in H+ [16] have shown that the anisotropy due to the molecular axis is negligible compared to the polarization induced by the incident électron. In our experimental case, it is possible to show by simple considerations that this hypothesis may be reasonable. In the H2 molecule, the probability density distribution of the electrons in the ground state has spherical symmetry beyond 0.8 A from the center [10 p. 352 ]. For 35 eV incident energy and 13 eV energy loss, the probability density distributions of incident and emergent waves [15] Regardless of the electron energy, their absolute value cannot be calculated, but their ratios are given by (3) : the relative values of the alignment in the ' rotational levels in a band are independent of the speed of the incident electrons. The tN'-&#x3E;N(N") may be found in [2] .
We now consider the experimental case of an incident electron beam having an angular spread. Let oz' be the direction of an ensemble of incident elec-trons making an angle 8 with respect to oz. The obtained alignment along oz is given by :
where rôo-(B) = 2(3 cos2 9 -1) is a rotation matrix element [15, 20] and (N'p0x=2)oz' is given by (3) [19, 7, Ô 1 --.
-. -
The addition of an isotropic nuclear spin gives, assuming that J' is a good quantum number :
The observed intensity I(eu, À) derived from the d'Yakonov [21] theory and expressed in the notation of Omont [19] , when the fine and hyperfine structures are unresolved by the optical system, is :
where cP:(eu) [21] are determined by the polarization e used to observe the light emitted along the direction u.
We have assumed that the hyperfine structure is much greater than the natural width of the emitting level. The intensities expressed in that way give the same results as the Hônl-London formulae [10] .
The degree of alignment t measured on a line originating from the rotational level N' (N' -N transition) is :
For lines originating from levels N" which are excited from only one level N" of the ground state (e. g. the Q branches of the Fulcher bands) :
The case with zero spin (S = 0 or I = 0) is easily deduced from (11) and (12) .
(1) Formula (5) of reference [2] , with S" = 0, gives the same result as (8) using the relation :
where S, L, V, V' are integers.
2.4.2 Natural width « hyperfine structure = fine structure. - The measurements made by Freund and Miller [22] It was low enough for the depolarization by collision to be at the limit of the experimental uncertainty for all the studied lines [7, 8] , but high enough to obtain a reasonably good signal-to-noise ratio. From the inelastic collision cross sections [30] [27] , io is kept constant. The relative values of the polarization of the lines of a band are then given by the relative amplitude of i2 f measured for each line with a lock-in detection. To improve the signal-to-noise ratio, the signal was accumulated in a computer (T 2000) over more than two hours : one data was taken every second and the sum of 8000 such values was used for each line.
During this time, the current and the pressure were kept constant in the cell. For each line we have taken the mean value of about seven such signal averages.
In our experiments, the earth's magnetic field was compensated. The width of the Hanle curves observed on these lines [7, 8] show that the depolarization by this field would be a few per cent.
For the 2 -+ 2 Fulcher band, the wavelengths of the considered Q branch lines (Q(2), Q(2), Q(3), Q(4)) and R branch lines (R(0), R(l), R(2), R(3)) are within 25 A and 50 A respectively. The spectral response of the photomultiplier can then be assumed constant in each branch [7] . The lines of the Q branches originate from levels which are excited from only one rotational level of the ground state (Fig. 1) . The degrees of alignment t of the Q branches are then independent of the relative We have measured P for the lines Q 1, Q 2, Q 3, Q 4 of the 2 -2 band, and for the lines Q 1, Q 2 of the 3 --&#x3E; 3 band, which are well-resolved with our monochromator. Our results are given in figure 3a. Agreement is good within the limits of experimental error. The effect of cascades is discussed in § 3.3.
The lines of the R and P branches originate from levels which are excited from two rotational levels of the ground state (Fig. 1) . The Fig. 2 and Fig. 4 For the R branches, we have measured P for the lines R 0, R 1, R 2, R 3 of the 2 --. 2 band, which are well resolved by our monochromator. Our results are given in figure 3b . The agreement is better than would be expected when one considers the fact that the R branches originate from levels of il + type which are perturbed by the 3s 3 E g+ level [10] . For (Fig. 1) . In this case, formula (5) shows that the populations of the levels N' are proportional to the population of N" = N' in the ground state. As the N' levels radiate only to N = N' (Fig. 1) , the intensity of each Q(N) line is proportional to the population of the rotational level N" = N of the ground state.
3 . 2 .1 HF discharge (Fig. 4b) 3 nu.
The degree of alignment of the line corresponding to the transition N' -N, for singlet levels is :
For singlet levels, the influence of cascades can be calculated with formula (16) which gives the ratio of the degree of alignment on two consecutive transitions of a cascade N1 --&#x3E; N2 --&#x3E; N3 [20] :
In the case of « b » coupling, the degree of alignment for a transition between two triplet levels (N' --&#x3E; N) can be expressed using ts given by ( 15) 
